.31 MAR 2004 HEAD SUSPENSI ON ASSEMBLY W TH PRECI SE POSI TI ONI NG ACHUNERR?(04
FI ELD OF THE | NVENTI ON The present invention relates to a head suspension
assenmbly (HSA) or a head ginbal assenbly (HGA), with a precise positioning

actuator for a thin-filmnagnetic head el ement used in a magnetic hard

di sk drive (HDD). DESCRIPTION OF THE In the magnetic HDD, thin-film
magneti c head el enents for witing nagnetic information into and/or
readi ng magnetic rmati on from magnetic disks are in general formed on
magnet i c_head sk dBkprldrit skl 9PRTH pRRIERBRITRGIA! AibRforTagnet | C

di sks. The slrders are supported at top end sections of suspensions of the
Recently, either recording and reproduci ng density along ck direction in
the magnetic disk (bit density), or reco reproducing density along the
radial direction or along the track wdth direction in the magnetic disk
(track E§W§?9§fﬁﬁéﬁﬁﬂﬁvI ncrease to satisfy the requirenment for ever

i ncreasing data storage capacities and densities in today's HDDs.

requi renent f&he faventien rrlates TMposheat SEIRES1M FSEHURLYI npr ovenent
speed of the disk rotation is advanced. For advancing the bit density,
because (B§A)aor ghfead grimbrle assrmbli e(fiGh) hadsh oy Preciser eegitianinda thin-film
magneti c head elenent, 3 1 MAR 2004 fl oating noises generated in the wring
f or conaelEitny fidrea dibiinefilyi magmetighesd elemdidatsed anemmafdetdcbecone a big
problem Also, for cing the track density, the position control of the
magnet i bard disk drive (HDD).

DESCRIPTICN OF THE RELATED ART

In the magnetic HDD, thin-film magnetic head elements for
writing magnetic information into and/or reading magnetic
information from magnetic disks are in general formed on magnetic
head sliders fiying in operation above the rotating magnetic disks.
The sliders are supported at top end sections of suspensions of the
HSAs.

Recently, either recording and reproducing density along the
track direction in the magnetic disk (bit density). or recording and
reproducing density along the radial direction or along the track
width direction in the magnetic disk (track density) rapidly
increase to satisfy the requirement for ever increasing data storage
capacities and densities in today's HDﬁs. Also, the requirement for
high data rate in the HDDs increases and thus improvement in the
speed of the disk rotation is advanced.

For advancing the bit density, because of a long distance

between a head drive circuit and a thin-film magnetic head element,



head el enent with respect to the track in the magnetic disk by a3 yqige 2004
coi'l motor (VCM only has never presented enough accuracy. In order to
solve the fornmer problem a drive IC (integrated circuit) chip having a
part of the drive circuit of the magnetic head elenent is nounted on a
suspension. Also, in order to solve the latter problem another actuator
mechani smis nounted at a position nearer to the magnetic head slider than
the VCM so as to performfine precise positioning that carrot be realized

by the Vi only. .-The latter _techniques faqr realizin reci se positioning
of ' the FARGHEEY diofeck Saneraded A BoR LRI FOR SRR 08 Shepdrde  No.

5, 745, 319 and Japanese unexam ned patent publication No. 8-180623. However,
even i f @PIHEE vifB Hia hepsh slenmeng havgebegomela pdgsproplem. aflthcEA it is very
difficult to satisfy the for further increased data storage densities in
the HD |3dv@peing Hhe drbde fleasHai. dehe gosidontepatroliofi e sronedda of the IC
chip and the additional actuator on the sanme suspension nore inprove the
dat a st dreadecliwest tWidh. radpeet do, the tramky inrthenmagnesic digkthyer on t he
suspension, the follow ng problenms have occurred. (1) The nunber of trace
conduct orice oxaiddoaiort (M uspgnka mever pgesaited dnoogiesasedradyn a typi ca
magneti c head, for exanple a conposite type magnetic head with a read head
part of a nmagrmi or@si st iscevefthectorfvR)pricbaas,ducerivel Brgnhtapdted Wi t e head
3 1 MAR 2004 part of an inductive transducer elenent, four or nore trace

conduct iscaity Ry haethd arpdreéadk Rfe and var dirtAor QEerd maGstagd two or nore
additional trace conductors are required for driving the additional
act uat Olhead Mii1Smeht IsSHAREES T ¥ S2pERd@nS 1186, MY Brder to solve
the latter problem, another actuator mechanism is mounted at a
position nearer to the magnetic head slider than the VOM so as to
perform fine precise positioning that cannot be realized by the V(M
only. The latter techniques for realizing precise positioning of
the magnetic head are described in for example U.S. Patent No.
5,745,319 and Japanese unexamined patent publication No. 8-180623.
However, even if either the bit density or the track density
is advanced, it is very difficult to satisfy the recent requirement
for further increased data storage densities in the HDDs.
It would have been considered that the mounting of both of
the IC chip and the additional actuator on the same suspension more
improve the data storage densities. However, if they are mounted
together on the suspension, the following problems have occurred.
(1) The mumber of trace conductors formed on the suspension is
greatly increased. In a typical magnetic head, for example a
composite type magnetic head with a read head part of a

magnetoresistive effect (MR) transducer element and a write head



trace conductors on the suspension. That is tw ce of that in congent MARaJ00Y
HSA. If the nunber of the trace conductorg running on suspension

i ncreases, noises due to the floating capacitance of the trace conductors
may affect the read/wite signals, and/or heat nay be considerably
generated on the suspension. (2) Conparatively high voltage is required to
drive the actuator. However, since the suspension has the IC chip onits
m ddl e section, it is very difficult to design a wiring of the HSA and a
circuit of the HDD so as to formtrace conductors for providing such high
vol t age P&t AE aRcLUEHDIVe SEansicar alaeento pfARJOE &P oFase the suspensi on
fromthe HDD al ong the whol e | ength of the suspension. us, conventionally,
t he | C cendugterst Are Jeaninedntor zeading omdnhewiding operatiomsnanthtted t oget her on
t he sane suspension. In addition, if a piezoelectric material type actuator
i s used,opuore raddistanat etrage ondictors | atgeveéred |forgiripiog s  such

pi ezoel ectric material type actuator nmay be physically broken and/ or

depol ar iaidfitjoriafl actslabok. | Shappit ed necesharydito asdkeosmixt batmoret er sects its

pl ane when a voltage is applied thereto. SUMVARY OF THE INVENTION It is

t her ef orterags @hiiectoref of Be pEepaidionNVaRAt ds Heider eFitthat 3inl tR 201 a HSA,
wher eby requirenent for further increased data storage densities in HDDs

suffici ephtentsahhBHsAd. AN amme 6€tnef tide RIReeHirsi PeithiWh i s to
provi de a ;
the suspension increases, noises due to the floating capacitance of
the trace conductors may affect the read/write signals, and/or heat
may be considerably generated on the suspension.
(2) Comparatively high voltage is required to drive the actuator.
However, since the suspension has the IC chip on its middle section,
it is very difficult to design a wiring of the HSA and a circuit of
the HDD so as to form trace conductors for providing such high
voltage to the actuator located at the top end section of the
suspension' from the HDD along the whole length of the suspension.

Thus, conventionally, the IC chip and the additional actuator
never have been mounted tegether on the same suspension.

In addition, if a piezoelectric material type actuator is
used, poor resistance to shock will became a large problem. Namely,
such piezoelectric material type actuator may be physically broken
and/or depolarized easily if a shock is applied in the direction

that intersects its plane when a voltage is applied thereto.

SUMMARY OF THE INVENTICN

It is therefore an object of the present invention to provide



wher eby the nunmber of trace conductors fornmed on a suspension can3r 4dMaRd20(
Furt her object of the present invention is to provide a whereby a wiring
design of the USA and a circuit design of a HDD can be easily carried out.
Still further object of the present invention is to provide a by physical

br eakage of and/or depol arization in piezoelectric material of an actuator
by the shock can be effectively prevented even if a piezoelectric nmateri al
type actuator is used. According to the present invention, a HSA includes a

magneti c ad.slider wiih at, |eas ne thin-filmmagnetic head el enent,

et uat or® e Es i eltnraiie tRE R APeRente B ORER cot so
positioning.of the | east one_thin-fil netic head el 1C chip having a
first ci@%%?€u¥%Fnﬂﬁ®SﬂﬁFh-iﬁ&hﬁﬁﬁﬁﬁiXEQ%ﬂggegelenent and a second circuit
for driving the actuator, and a suspension for supporting the actuator and
the | C chip. IPREReHSPAeGHEL |EechTgseRhdVRRLISR: imiter PrVédesulBRd on t he
suspension, it is possible to increase the bit density and the track

densi t y Whsgelnhéhe JnEbeh fettice eewiirteuse formedr off g spsRensiy carde dat a
storage densities in HDDs can be sufficiently satisfied. Al so, since the
second afedaedd. for driving the actuator is fornmed 3 1 MAR 2004 IC chip
nmount ed on the suspension, the nunber of trace conductors fornmed on the
suspensi on calunbicgeebjmteofittbd Presant Hoventdior otdumiovide anHsZEh wi | |

adversely affect the
whereby a wiring design of the HSA and a circuit design of a HDD can

be easily carried out.

Still further object of the present invention is to provide a
HSA, whereby physical breakage of and/or depolarization in
piezoelectric material of an actuator by the shock can be
effectively prevented even if a piezoelectric material type actuator
is used.

According to the present invention, a HSA includes a magnetic
head slider with at least one thin-film magnetic head element, an
actuator fixed to the magnetic head slider for performing precise
positioning of the at least one thin-film magnetic head element, an
IC chip having a first circuit for the thin-film magnetic head
element and a second circuit for driving the actuator, and a
suspension for supporting the actuator and the IC chip.

Since both the IC chip and the actuator are mounted on the
suspension, it is possible to increase the bit density and the track
density together and therefore requirement for further increased
data storage densities in HDDs can be sufficiently satisfied. Also,

since the second circuit for driving the actuator is formed in the



d/wite signal of the magnetic head el ement, can be reduced frorg qcRaRr ROl
and heat generation due to current flow ng through the trace conductors on
t he suspension can be also redo It is preferred that the first circuit

i ncludes an anplifier circuit for anplifying a read signal fromthe at

| east one thin-filmmagnetic head el and an anplifier circuit for
anplifying or drivi ng a wite signal to the at |least one thin-filmnmagnetic

head el enent . is aI so preferred the second circuit includes a control
circuit for roduc osi tioning signal depending upon the read signal
from t hel@ %é‘?lm OPh FrsnenAdhetlic DHERRY OF|teRERtCondiRiorSboost er

circuit for boosting the produced positioning signal to produce a drive

si gnal uEdEef g ghe \AUsBeRSien fanu ke dreduces. n RSy dIwispe deperatel circuits are
also formed in the 1C chip nounted on the suspension, the drive signals
with a dawpathe ityvacs condupitovs) whih Woil eHiversely affechithe pass through only
the conductors provided between the I1C chip and the actuator resulting
that a meiadiwigtdesigpalorf the negpepEnshend bbaenes aashe reduaddfidnon, since it
IS no necessary to generate such conparatively high voltage signals at the
HDD, a aiccomtingdesidyheaf geherdtbbh ldaeoresusssy £lrifiy rthibeigh the
specification becones sinple. Preferably, the read signal fromthe at | east
one thi rerhicd ondudtdidPbr? @4 fiepaeiiof R@aBe el18gBRibs3.2 Sservo si gnal

generated at the at |least one thin-filmnmagnetic head el ement by readi ng
out servo infgtngd iRarddr@aneidt ¥hd eeAideth-QR t2iAAS! b Sipiffier

circuit for amplifying a read signal from the at least one thin-fiim

magnetic head element, and an amplifier circuit for amplifying or

driving a write signal to the at least one thin-film magnetic head

element.

It is also preferred the second circuit includes a first
control circuit for producing a positioning signal depending upon
the read signal from the at least one thin-film magnetic head
element, and a booster circuit for boosting the produced positioning
signal to produce a drive signal used for driving the actuator.
Since such the booster circuits are also formed in the IC chip
mounted on the suspension, the drive signals with a comparatively
high voltage for the actuator will pass through only the conductors
provided between the IC chip and the actuator resulting that a
wiring design on the suspension becomes easy. In addition, since it
is no necessary to generate such comparatively high voltage signals
at the HDD, a circuit design of the HDD becomes easy and further its
specification becomes simple.

Preferably, the read signal from the at least one thin-fiim



It is preferred that the IC chip includes a third circuit for proge¢tyam ﬂm4
t he" actuator from physical breakage and/or depol arization due to a shock
applied thereto. In this case, the third circuit include an inpact

detection circuit for detecting shock applied thereto, and a second control
circuit for stopping supply of the drive signals to the actuator when the

i npact detection circuit detects the shock. Since the inpact detection
circuit is formed the IC chip nmounted on the suspension, a shock applied

to the qg?ﬁg t sae p clL y det ect ed
applicati o%%%#é) VO ol CJEPS e acf‘%j% ?’&Z%%@%%%gt g‘g%% g second
control cir timn he ore al brea d/o

depol ari 7%t %ﬁ#g‘f‘ﬂpﬁ'@%‘?ﬁ a ‘:6?"{8 N @ﬁ%g? 9’:‘8}&9@ gl@/en if a
pi ezoel ectric material type actuator is_ It is preferred that the actuator
and t he PELIgigT HQJ?5¥§H°ndhn?ﬂﬂ? tig4¥5€e of the suspension. This one

surface of the suspensron nay be a surface faced to a magnetic disk
surface in optr afilgeferred shaf) e Jlefltin dorkHgs & ABLPGELFGHENERT | ncl udes a
first conductor nenber with one end electrically connected to the at | east
one t hi reioteatipggtre petuter oanpivsignk bragkagenand/en dleppéatizption vy

connected to the IC chip, a second conductor nenber with one end 3 1 MAR
2004 el ebter ted Epodkoppekieddtherethe dptiddsorasgndthehshimtheiradiectrical |y
connected to the IC chip, and a third conductor rinmer with one end
el ect ri cdllll yimdnde cneihpactt detebCianhcjramit fidredetdoding stiodit eppliedal | y
connected to connection pads to be connected to an circuit.

thereto, and a second control circuit for stopping supply of the

drive signals to the actuator when the impact detection circuit

detects the shock. Since the impact detection circuit is formed in

the IC chip mounted on the suspension, a shock applied to the

actuator mounted on the same suspension can be directly detected and

application of the voltage to the actuator can be stopped by the

second control circuit on timing. Therefore, physical breakage

and/or depolarization of the actuator by the shock can be

effectively prevented even if a piezoelectric material type actuator

is used.

It is preferred that the actuator and the IC c¢hip are located

on one surface of the suspension. This one surface of the

suspension may be a surface faced to a magnetic disk surface in

operation.

It is also preferred that the HSA further includes a first
conductor member with one end electrically comnected to the at least

one thin-film magnetic head element and the other end electrically

connected to the IC chip, a second conductor member with one end



Preferably, the one end of the first conductor nenber is direct
connected to termnals of the at | east one thin-film magnetic h a& MA%H@W%
by ball bonding or by stitch bonding. It is further preferred that the
first, second and third conductor nenbers are forned by flexible print
circuits with trace conductor |ayers sandw ched by insul ation |ayers.

Furt her objects and advantages of the present invention wll be apparent
fromthe follomjng description of the preferred enbodi ments of the

inventio |II strated in t acconpanyi n drawi ngs, BRI EF DESCRI PTI ON
OF THE e%da e gWFnE% éEﬂ%?&t‘?%ﬁrl %"q | lustrating whol e

structur HSA as preferred_enbodi nent according to the present

i nvent i ecﬁr}%yﬁogﬂ%cf\ﬂdew ithe (&t AR ngd & SRixhgo PBIMHPET he HSA
shown in Fig. 1, Fig. 3 is_ a side view schematically illustrating an
attachnéﬁFh§@FU§W@ﬁgeﬁpﬂﬁaﬁhé@P@@xﬁégﬂﬁlGh@ﬁ§ dleiruahdrtharRiher epflgnet i ¢ head

slider with a flexure in the HSA shown in Fig. 1; 31 MAR 2005 Fig. 4 is a
vieM/scHéﬁﬁtt@ﬁﬂl&Canﬁﬁﬁﬂaﬁiﬁ@m&ﬁﬁa@naﬁﬁﬂﬂmtbesmnugﬂwﬂeﬂbﬁna preci se
positioning actuator and a nagnetic head slider with a flexure and a
circuit estexretlucerdmtan | C chip of the HSA shown in Fig. 1; and a view
schematically illustrating an attachnment structure of a precise positioning
actuat or and ®refgeblyc theathe shd eér thwd iElirst tbeduster aralbéxr dsrcuit structure
inan IC chip of a HSA
directly connected to terminals of the at least one thin-film
magnetic head element by ball bonding or by stitch bonding.
It is further preferred that the first, second and third
conductor members are formed by flexible print circuits with trace
conducter layers sandwiched by insulation layers.
Further objects and advantages of the present invention will
be apparent from the following description of the preferred
embodiments of the invention as illustrated in the accowpanying

drawings.

BRIEF DESCRTIPTION OF THE DRAWINGS

Fig. 1 is a top of view schematically illustrating whole
structure of a HSA as a preferred embodiment according to the
present invention:; ’ |

Fig. 2 is a plane view illustrating a top end section of the
HSA shown in Fig. 1;

Fig. 3 is a side view schematically illustrating an
attachment structure of a precise positioning actuator and a

magnetic head slider with a flexuare in the HSA shown in Fig. 1;



as anot her enbodi ment according to the present invention. DESCRI BTHOMARR(
THE PREFERRED Fig. 1 schematically illustrates whole structure of a HSA
(head suspension assenbly) in a preferred enbodi nent according to the
present invention and Fig. 2 illustrates in detail a top end section of
the HSA. These figures are top of views seen froma slider-attached side.
Fig. 3 schematically illustrates an attachnment structure of a precise
positioning actuator and a magnetic head slider with a flexure and Fig. 4
schematically _illustrates the attachpent_structure and circuit structure
'nan 1C ohi p B8-S BAISHORTePRUIRLY ALLSFHTRALTG, 30 (HLEORMEr o5, the HSA
is assenbled by fixing a fine tracking actuator 11 for precise positioning
of a t hi F-EFTERenaE e Precise dersift epring Q‘%u&t‘?%ﬁn%rﬁj“@@&t%ﬁl%ﬂ a suspensi on
by fixing a magnetic head slider 12 with the thin-fil mmagnetic head
el enent sldger ¢ithea ddexiameonnd & chuyabtdtzuplans & evelt clpp ofathehave a read
head part of a MR transducer elenent and a wite head MAR 200 of an
I nduct | VisAt samedie dtigellenmend. 11 known, a HDD has a mmin or course actuator
of VCMfor rotationally noving a novable armto which such HSA is attached.
The actuat or Figcdhtisi duties dchemdtiicallyodi tusimatingoén tdteadimbnt whi ch  cannot
be adjusted by the nmain or course actuator. The actuator 11 has be
descri begruchaet @f la ppdcike i BUirdnk axttatdy B6d W Ragietac Mebti - | ayer ed
structure including a

slider with a flexure and a circuit structure in an IC chip of a H5A

as another embodiment according to the present invention.

DESCRTPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 schematically illustrates whole structure of a HSA
(head suspension assembly) in a preferred embodiment according to
the present invention and Fig. 2 illustrates in detail a top end
section of the HSA. These figures are top of views seen from a
slider-attached side. Fig. 3 schaematically illustrates an
attachment structure of a precise positiconing actuator and a
magnetic head slider with a flexure and Fig. 4 schematically
illustrates the attachment structure and a circuit structure in an
IC chip of the HSA shown in Fig. 1.

As shown in these figures, the HSA is assembled by fixing a
fine tracking actuator 11 for precise positioning of a thin-film
magnetic head element to a top end section of a suspension 10, and
by fixing a magnetic head slider 12 with the thin-film magnetic head
element 12a to the actuator 11. The magnetic head element 12a may

have a read head part of a MR transducer element and a write head



pi ezoel ectric material |ayer which expands and contracts by their3 igﬁfﬁ%ﬁﬂ
pi €zoel ectric effect. The actuator 11 is mechanically coupled to¥t
slider 12 and nechanically and electrically coupled the suspension 10. The
size of the actuator 11 is substantially equal to that of the slider 12
with for exanple 1.25 mn X 1.0 0.3 mm In this enbodi ment, the actuator
11 is nounted at a position of the top end section of the suspension 10,
near the slider 12, in consideration of its nechanical and electrical

perrforrrﬂgﬁ?. ﬁs‘ SB%ME i I E.|¥ IC chip 16 is mounted on a mddle

| ocati o 0f Thé& suspeﬁ%‘%on@%&dﬁ?%tat s G'I:C chip 16, as wll be nentioned

| ater, head anplifiers for thegﬂﬁ netic head el enent 12% and drive
3Pe s

circuit for tHe AEtFALIFMR- & Q) MR Ko (S apidatgr xampl e, the
size of the IC.chip.16 is 1.4 M X 1.0 mn _X 0.125 n_the enbodi nent, the

act uat orFoF1rot@donalily Jpoving 4, goyarde) &1L P piigh e i 8 At A% ur f ace of
t he suspension 10, which surface wll be faced to the magnetic disk

sur f ace TR ¥PEREPT dn. contriprs B Fhee PasHereingh of othes HSbhahddh i al Iy f or ned

by a resilient flexure 13 which carries the slider 12 through the actuator
11 at i99ENelphgurRATIFted PYt e MRl ortEursp askbakEetion and carries the IC
chip 16 at its mddle section, a resilient | oad beam 14 which supports and
fixes the fleXlbeectsatorhdl hdsaae willdthe desdmibeddnadetailblateremd secti on of
the | oad beam 14. The | oad beam 14 has elasticity for pressing the slider
12 t hr cigdle Reyer staainrd ort avarldithyeded ettecmrefinelndigweai ¢ di sk in

piezoelectric material layer which expands and contracts by their

reverse piezoelectric effect. The actuator 11 is mechanically

coupled to the slider 12 and mechanically and electrically coupled

to the suspension 10. The size of the actuvator 11 is substantially

equal 1.:0 that of the slider 12 with for example 1.25 mm X 1.0 mm X

0.3 mn. In this embodiment, the actuator 11 is mounted at a

position of the top end section of the suspension 10, near the

slider 12, in consideration of its mechanical and electrical

performance.

As shown in Fig. 1, a drive IC chip 16 is mounted on a middle

location of the suspension 10. In this IC chip 16, as will be

mentioned later, head amplifiers for the magnetic head element 12a

and a drive circuit for the actuator 11 are formed. Although it is

a mere example, the size of the IC chip 16 is 1.4 mm X 1.0 mm X

0.125 mm.

In the embodiment, the actuator 11, the slider 12 and the IC

chip 16 are mounted on a surface of the suspension 10, which surface

will be faced to the magnetic disk surface in operaticn.



operation. The flexure 13 has the flexible tongue 17 depressed byjaj MiiRmale
(pr'ojection) forned on the | oad beam 14 and has elasticity for supportlng
flexibly the slider 12 through the actuator 11 by this tongue. As will be
noted, in this enbodi nent, the suspension 10 has a three-pieces structure
constituted by individual conponents of the flexure 13, the | oad bean 14
and the base plate 15, three-pieces structure, stiffness of the flexure 13
is set to be lower than that of the | oad beam 14. The flexure 13 is nade
of in this enbodinent a stalnless steel_plate (for exanple SUS304TA) with
a thi ckness of §h8utresgioR 105 Gpstaptigldyct9 ha qgl ¥p end section
13a of the flexure 13 is separated from other sectlon 13b of the flexure
13. On tHepredr virh egiestther shders 1% khreudnsthe patyadpe 1icahiduct or
menbers 18a, 18b and 18c each including a plurality of trace conductors of
a t hi n- fisntenguei 17 dpeatad pean dfp topeerdsaetion Jkecaorigacthsr Idenbers 18a,
18b and 18c are fornmed by a known nethod 10 3 7 MAR 2001 ar to the

pat t er nicigpnid ladditsf middle agctdopr ianresildent Jdiotd beamdlowhictt hi n netal plate
such as a flexible printed circuit (FPC). For exanple, the nenbers 18a, 18b
and 18c sappoftar apdl fiyxes afpoefitaxatd W3, dagbai hdasegpkatki 15 tfolmsgUkata on materi al

| ayer nade of a resin such polyimde with a thickness of about 10 /Lm a

pat t er naghs€lerldayestiohr G ¢he dradaaieam Layer) with a thickness of about 10 m
and a second insulation nmaterial |ayer made of a resin such as polyimde

ith a thicknegseofosabBatdn 24 MaeNei@ il X 6L phdsdimgt fieS s@i@er 12 W thin the
regi ons of the connection pads fornmed for connecting with

through the actuator 11 toward the direction of a magnetic disk in

operation.

The flexure 13 has the flexible tongue 17 depressed by a
dimple (projection) formed on the load beam 14 and has elasticity
for supporting flexibly the slider 12 through the actuator 11 by
this tongue. As will be noted, in this embodiment, the suspension
10 has a three-pieces structure constituted by individual camponents
of the flexure 13, the load beam 14 and the base plate 15. In such
three-pieces structure, stj;ffhess of the flexure 13 is set to be
lower than that of the load beam 14.

The flexure 13 is made of in this embodiment a stainless
steel plate (for example SUS304TA) with a thickness of about 25 Um.
As will be described later, a top end section 13a of the flexure 13
is separated from other section 13b of the flexure 13.

On the flexure 13 and ocut of the flexure 13, flexible
conductor members 18a, 18b and 18c each including a plurality of
trace conductors of a thin-film multi-layered pattern are formed.

The conductor members 18a, 18b and 18c are formed by a known method

10



the IC chip 16, the actuator 11, the magnetic head slider 12a an% qn 2004
ext'ernal circuit, an Au layer is deposited on the Cu |layer "and t 'SWW§
second insulation material |ayer on the Au lay this enbodi nent, as shown in
Fig. 2 in detail, the first conductor nmenber 18a includes two trace
conductors connected to the magnetic head el enent for one side, thus four
trace conductors for both sides, and the second conductor nenber 18b
includes two trace conductors connected to the actuator 11 for one side,
thus four, trace conductors for both sides. The third conductor_ nenber 18c
i s ed fofiMELRAR&C Hify PRHETRESE REpRots ofy forming &y ainted raigruit deaetti on  pads
20 provided for connection with the external circuit. One end of the trace
conduct s @okinheetal; plateofadic gpra fhexibde girdated carpyitc 6ot &Pt 0 head

el ement connection pads 19 formed on the individually separated top end
secti on e@aplf. the mefbessuléa,138b End bisnave thoomed dtsseentaiByl | - bonded to
termnal electrodes of the magnetic head slider 12 by Au balls 21 as shown
in 11 3 dephiRiRO0d 'first dns@latior matécialehayenf midecof raencesizomddstasr s of the f
conductor nmenber 18a is electrically connected to I C chip connection (not

shown ) pelginvidiewit®r a CioN BERES<sONE \Wbbilt t1he 1T & HaRtdhedlBu Walbr be appar ent
fromFig. 3, the first conductor nenber 18a consists of a first section

fornmed q&;ada@oeﬁchi_ﬁftoﬁ%géﬁﬁwi_&b Phhididhgsd l@xEbsit130 @mSemangd section
floating in the air at both sides of the actuator 11 and the magnetic head

slider Kécodnsullaitii6rl mas&iall OThyke® MRE 6 4 Besinndhi duabdyisepar ated top
end section 13a of

with a thickness of about 5 tm on the flexure 13 in this order.

Within the regions of the connection pads formed for connecting with

the IC chip 16, the actuator 11, the magnetic head slider 12a and an

external circuit, an Au layer is deposited on the Cu layer and there

is no second insulation material layer on the Au layer.

In this embodiment, as shown in Fig. 2 in detail, the first
conductor member 18a includes two traoe conductors connected to the
magnetic head element for one side, thus four trace conductors for
both sides, and the second conductor member 18b includes two trace
conductors connected to the actuator 11 for one side, thus four
trace conductors for both sides. The third conductor member 18c is
used for connecting the IC chip 16 with external circuit connection
pads 20 provided for comnection with the external circuit.

One end of the trace conductors of the first conductor member
18a is electrically comnected to head element connection pads 19
fomed on the individually separated top end section 13a of the

flexuare 13. The connection pads 19 are ball-bonded to terminal

electrodes of the magnetic head slider 12 by Au balls 21 as shown in
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the flexure 13. The top end section 13a and the other section 13 df MARe 200
flexure 13 are ted in different respectively. However, since the
air-floating section of the first conductor nenber 18a can freely bend,

el ectrical connection between the conductor nenber 18a and the nagnetic
head el ement can be ensured w thout applying stress to the individually
separated top end section 13a of the flexure 13. Instead of the ball

bondi ng, stitch bonding can be executed for connecting the term nal

el ectrodgs of th netic. h slider 12 with the connection pads 19. One
end of t %%e%oﬁ%‘&c? T PR ERTE TGS Ohddsefitsisp is el ectrical ly

connected to actuator connectjon pads 22 formed on the tongue 17 of the
f1 exure 92AueHRr PERPRIC LD Aspalesctoicaldy canpadies: bel Xodhin gprREctatect r odes of

the actuator 11. The other end of trace conductors of the second conductor
menber 19MS §notesheury i) cRravikded A craaBiegidop el thCthh 1§ dudpndét i on pads (not
shown provided for connection with the 1C chip 16. 12 1 MAR 2004 One end
of trace condutt witl bk apperemt rfaoe dtigucl.otherdiibet cb8ductios redmbetri cal |y
connected to the I C chip connection pads, and the other end thereof is
el ectri cHid gomsishecifed fiostheeatitre foahed on clthiet otteonsecttionnijads 20.. The
| oad beam 14 is made of in this enbodinent a resilient stainless steel
pl at e witHe flddurekitesa scoad ettt GDodting) BUpROIHis ath®oth hadesecti on 13b
of the flexure 13 along its whol e

of the actuator 11 and the magnetic head slider 12, and a third

section formed on the individually separated top end section 13a of

the flexure 13. The top end section 13a and the other sectiocn 13b

of the flexure 13 are located in different planes, respectively.

However, since the air-floating section of the first conductor

member 18a can freely bend, electrical connection between the

conductor member 18a and the magnetic head element can be ensured

without applying stress to the individually separated top end

section 13a of the flexure 13.

Instead of the ball bonding, stitch bonding can be executed
for connecting the terminal electrodes of the magnetic head slider
12 with the connection pads 19.
One end of trace conductors of the second conductor member

18b is electrically comnected to actuator comnection pads 22 formed

on the tongue 17 of the flexure 13. The comnection pads 22 are

connected to terminal electrodes of the actuator 11. The other end

of trace conductors of the second conductor member 18b is

electrically connected to the IC chip connection pads (not shown )

provided for connection with the IC chip 1é.

12



gth . "t'his |load beam 14 has a shape with a width that narrows h1 MAR 2004
approaching to its top end. g of the flexure 13 to the |oad beani 14 'i's

achi eved by neans of a plurality of welded spots. The base plate 15 is
made of a stainless steel or iron and is fixed to the base end section of
the | oad beam 14 by wel ding. The suspension 10 will be attached to each
novabl e arm (not shown) by fixing an attache 23 of the base plate 15 to the
novabl e I n nodification, the suspension may be formed in a two-pieces cture

with a base plgie £t BX iﬁﬁ%ﬁ e reesnpjeces
structure with&{tehgﬁ?ﬁ)exure 1%@%%&%0%5%am acgjﬁlg{lﬁ?%"%'g)gg %)date 15. As
shown i n; Fi . f'égg Ll g of .t actuatar 11 js fixed to the

t ongue %#:%?e?tf% %lé}xuree%gé&'f:ﬁe&ﬁ &an Bf%nﬂgc%gpﬁdgr @Ti °t he t ongue 17
may be aghi eve sol.der bon termnal electrodes formed on the fixed Ila
of the at ﬁﬁt%lgi %eﬁo%hlscgg%%ﬁ?%ﬁlyp%g‘eﬁ?‘# E?gtg’& TFerRR! ARGYE 17 of the
fl exure by adheri usi ng conducti ve adhesives the term nal el ectrodes

formed SPEHEIPPEASpAYt 11a of the actuator 11 with the connection 13 3 1

MAR 200" pads 22 fornmed on the tongue 17 of the flexure 13, or by adhering
usi ng adhesi vé&et 1% Peaay 1 ks made, 051in khiserbedipent £ wegiliere tongue 17
of the flexure 13. A novable part IIb of the actuator 11 directly fixed by

usi ng aditetiless steed plede i) gddiitioress2ef about 60-65 Um and

supports the other section 13b of the flexure 13 along its whole
length. This load beam 14 has a shape with a width that narrows
with approaching to its top end. Fixing of the flexure 13 to the
load beam 14 is achieved by means of a plurality of welded spots.

The base plate 15 is made of a stainless steel or iron and is
fixed to the base end section of the load beam 14 by welding. The
suspension 10 will be attached to each movable arm (not shown) by
fiwing an attachment part 23 of the base plate 15 to the movable arm.

In modification, the suspension may be formed in a two-pieces
structure with a base plate and a flexure-load beam instead of the
three-pieces structure with the flexure 13, the load beam 14 and the
base plate 15.

As shown in Fig. 4, a fixed part 1la of the actuator 11 is
fixed to the tongue 17 of the flexure 13. The fixing of the
actuator 11 to the tongue 17 may be achieved by solder bonding
terminal electrodes formed on the fixed part 1la of the actuator 11
with connection pads 22 formed on the tongue 17 of the flexure 13,
by adhering using conductive adhesives the terminal electrodes

formed on the fixed part 1lla of the actuator 11 with the connection
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whi ch side a magnetic head el ement 12b is formed, of the slider gr{ MAR 200%
“indirectly fixed by using adhesives to the rear end section 12a through
the top end section 13a of the flexure 13. The actuator 11 has the fixed
part 1la, the novable part |1b, and tw rod shaped beamparts Ilc and |id
for coupling these fixed and novable parts Ila and 1l b. Each of the 11c and
lid is formed by at | east one piezoelectric material |ayer sandw ched by
el ectrode | ayers. By applying voltage across the electrode |lay the

pi ezoel e i ripal layer ex d nd ntracts. piezqgelectric materi al
| ayer i sﬁér%dgzo% &hi g?é/t%ﬁré?ueg%é%dgh%g% a tgé'bﬁrr galgeénﬁgezoel ectric
effect or_by electrostrictiv effect. orenentioned,. .one end of the beam
parts 1113;‘53-5%(13 o %ﬁ?tf[éﬁe%qaﬁ%tﬁ@ ?’?3%‘8 Efﬁﬁ'f“&ﬁ gféﬂa:gt % fixed part Ila
is fixed to the flexure 13. The other end of the beamparts Ibc and lid is
uni ted wWREUenY REVEIS Elgare 13-p Amgvaiespady dbP OfpEhe aPttoE i xed to the
slider 12. Thus, bending notion of the beamparts lic and |id due to their
expandi nf Sheetdit Faedi ip vgiie pdpeE VeRdC A eraaEhenttion 14feakovabl e part
lib and therefore the displacenment of the slider 12. This displacenent of

t he sli advichEidesyImagnetic head rierentt b dadivamed. wEaheebbidenmt 120 ong an arc
so as to cross 14 1 MAR 2( rding tracks of the magnetic disk surface. case

t hat t heorpiindigertly figedrivensiay ddipeivest to hdebrsan pad tsecliion &t |id is nade
of piezoelectric material such as PZT
through the top end section 13a of the flexure 13.
The actuator 11 has the fixed part i1la, the movable part 11b,
and two rod shaped beam parts 1llc and 11d for coupling these fixed
and movable parts 1lla and 11b. Each of the beam parts 1llc and 114
is formed by at least one piezocelectric material layer sandwiched by
electrode layers. By applying iroltage across the electrode layers,
the piezoelectric material layer expands and contracts. The
piezoelectric material layer is made of material that expands and
contracts by reverse pliezoelectric effect or by electrostrictive
effect. |
As aforementioned, one end of the beam parts 1lc and 114 is
united with the fixed part 1la and this fixed part 1lla is fixed to
the flexure 13. The cther end of the beam parts llc and 114 is
united with the movable part 11b and this movable part 11b is fixed
to the slider 12. Thus, bending motion of the beam parts 11c and
114 due to their expanding and contracting generates the
displacement of the movable part 11b and therefore the displacement

of the slider 12. This displacement of the slider 12 results the

swing of the magnetic head element along an arc so as to cross
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(Lead Zirconate Titanate), the piezoelectric material |layers are ig 22@E§E%
polari zed so as to inprove their displacenent perfornmance The pol a
direction is the thickness direction of the actuator 11. Wen voltage is
applied across the electrode | ayers and the direction of the produced
electrical field is the sanme as the polarized direction, the piezoelectric
material | ayer between the electrode |ayers expands in its thickness
direction (piezoelectric |ongitudinal effect) and contracts in its

in-planerg%ﬁﬁgﬁ I rﬁ F ffect) Contrary to this, when
the direc |ons%%g?ﬁ&ppro ucedﬁm%%%fﬁ%ga cﬁdls in inverse as the

pol arized diregtion ezoele tric | a er en el ectrode

| ayers contrac%caﬁet{h?g c%ﬁ%?? tF%%f?% g%? ngltudlnal
effect) an e and [ ts |n-}plane direction plezoelectrlc | at er al

ef fect). t%ﬁkﬁ%ﬁ@@?é?pB?%?*#%pq%FdﬁﬁﬁFFﬂ-ﬁﬁﬂhé%-? He contraction
Is applied to the lic and lid alternately, a ratio between the |ength of

one beamisat Zimranafenditanated pihe M&W@s@ﬁ?@ﬁ@ﬁ@%@ﬁ ithe bean lie

and Iid bend toward the sane direction in a plane of the actuator 11. By
this berfPRFhPOLER.ZEANP A6V ieEpyet thall dlsphecement meafomentexed part [l a
along the arrow 24 shown in Fig. 4. If no voltage is applied, the novable
part |i bhet pgdarized Qaredioerispthe tthackneshi direnting 0§ thkeactivepbmcenent of
the novable part lib to 15 1 MAR 20( draw an arc locus in the direction
subst antllal |Whepevygidade cis appliedtdreroes pdedeleptantt dtaydnsaand ngedi recti on of
the bean(;irection of the produced electrical field is the same as the

polarized direction, the piezoelectric material layer between the

electrode layers expands in its thickness direction (piezoelectric

longitudinal effect) and contracts in its in-plane direction

(piezoelectric lateral effect). Contrary to this, when the

direction of the produced electrical field is in inverse as the

polarized direction, the piezoelectric material layer between the

electrode layers contracts in its thickness direction (piezoelectric

longitudinatl effect) and expands in its in-plane direction

(piezoelectric lateral effect). If the voltage with a polarity

which will induce the contraction is appl_led to the beam parts 1llc

and 114 alternately, a ratio between the length of one beam part and

the other beam part changes resulting that both the beam parts llc

and 114 bend toward the same direction in a plane of the actuator 11.

By this bending motion, the movable part 11b swings around the fixed

part 1la along the arrow 24 shown in Fig. 4. If no voltage is

applied, the movable part 11b stays at the center position.

This swing is the displacement of the movable part 11b to
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11c and

11d and the arc locus is in a plane of the actuator 11. T

* the magnetic head el enent also swings to draw the Due to operatin

direction between the applied voltage and the

simulta

ngals ph i B3k d %%ﬂ tively. In other words,
vol t ages may éﬁ%i%u a%ggégly ap% 'ed oaPﬁgﬁ%ggﬁﬂ%?%ﬁﬂL?ﬁ%Phat one beam
pands. wh t he .ot her beam part cont ts._and vice_versa. The sw ng
o&et ﬁg"?@sﬂ%la@dp% i S&Ct?ﬁpe%8£ nPeF! mabic %8dapplied to

part ex
noti on

t he bea
Il b bec

simul taneously applied to the beam parts under condition that the driving

the, Brgnetie herd elemghePere Swingshite drethegec dioctine Beamarts is

vol t age

AR

pi ezoel ectric material layer, no attenuation in polarization in S sw ng
notion can be obtained even if the voltage alternately applied to the beam
parts Ilc and 11d is that inducing expansion of the beam parts.
enbodi ment, voltages that induce nmutually reverse notions nay be

pol ari zation in the

In the

AC

the anmplitude of the swing notion of the novable part

t hj ,
ook 206, 306 T 18t IF Hist 2GRS e the) RIS L { BRERREEFS: not

expanded therefore the direction of the driving voltage opposes to that of

t he pol

freratingnthe, spre direstdeondtiveen ifiecrnndiicd apdtage: fed the

polarization in the piezoelectric material layer, no attenuation in
polarization in occurs.

Similar swing motion can be obtained even if the voltage
alternately applied to the beam parts lic and 11d is that inducing
expansion of the beam parts.

In the embodiment, voltages that induce mutually reverse
motions may be simuiltaneously applied to the beam parts 1llc and 114,
respectively. In other words, AC voltages may be simultaneously
applied to the beam parts 1llc and 11d so that one beam part expands
when the other beam part contracts and vice versa. The swing motion
of the movable part 1lb is centered when no voltage is applied to
the beam parts. In this case, the amplitude of the swing motion of
the movable part 11b becomes about twice of that when the voltage is
alternately not simaltaneously applied to the beam parts under the
condition that the driving voltage levels are the same.

However, in this case, one of the beam parts is expanded and
therefore the direction of the drlv:Lng voltage opposes to that of
the pelarization in the piezoelectric material layer. Thus, if the
applied voltage is high or the voltage is continuocusly applied,

attenuation in polarization of the piezoelectric material layer may
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applied voltage is high or the voltage is continuously applied, 1.MAR 200
att’enuation in polarization of the piezoelectric material |ayer ngy 1 % 1
MAR 200 It is desired therefore that a constant DC bias voltage in the sane
direction as the polarization direction be additionally applied to the AC
voltage to formthe driving voltage so that the direction of the driving
vol t age never opposes to that of the polarization in the piezoelectric
material |ayer. The swing notion of the novable part is centered when only

t he bi as ta | j E??]Q m_parts 1%2 .actuator 11 has in this
embodi ment. & u%ﬁt}é% ds??ﬂr ugci{ ﬁﬁ%&%f) e ?laaxcejgnsptgfl? Elaﬁ it abte part 1ib,
and the J.lc and_Lid with aggole and notches fornmed through _a single |ayer
or mul t i Mea§dNs WGFeFiel 8 Hg ﬁogralf?ﬁf’g}qna hmgg’ﬁ?fﬁﬁt ¥ed | ayers.
Thus, high_ rigidity and accurate _ di nensions of the actuator expected
Wi t hout itAgtEs Sentlitage dPrim e griwipgcwliggedetiiate the used for
fabricating the actuator, no adhesive |ayer exists at the portion where
stress WFPCHORpphH dhe dEHyRR (VPdFRgss nevesr prppsep it Shath pf nidenechani ca
transformation | oss due to the adhesive |ayer and no deterioration in
adhesi vechkgtization Hnsthe péegded eetirdn, mateeiai dayvrst.ectThec swimgemdtiloni s nat eri al
t hat expands or contracts by their reverse piezoelectric effect or
el ect r oofr tha mowatdef pant idmenperowhac only thetldasayoldpge iisabl e f or

applied to the beam parts.

The actuator 11 has in this embodiment a united structure of

the fixed part 1la, the movable part 11b, and the beam parts 1llc and

11d with a hole and notches formmed through a single layer or multi-

layers of piezoelectric material with partially formed electrode

layers. Thus, high rigidity and accurate dimensions of the actuator

can be expected without occurring assembling error. Also, since no

adhesive is used for fabricating the actuator, no adhesive layer

exists at the portion where stress will be produced by the

deformation of the beam parts. Thus, no mechanical transformation

loss due to the adhesive layer and no deterioration in adhesive

strength occur.

In this specificaticn, the piezoelectric material is material

that expands or contracts by their reverse piezoelectric effect or

electrostrictive effect. Any piezoelectric material applicable for

the beam parts of the actuator can be used. However, for high

rigidity, it is desired to use a ceramics piezoelectric material

such as PZT[Pb(Zr,Ti)O,], PT(PbTi0Q,), PLZT[{Pb,La)(Zr,Ti)0,], or

barium titanate (BaTiO,}.
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the beam parts of the actuator can be used. However, for hi rigi dgtYﬁM'gﬂjUg
“desired to use a ceram cs piezoelectric material such as PZT[Pb(Zr, % ;
], PT(PbTi ), PLZT[(Pb,La)(Zr,Ti)O3], or bariumtitanate (BaTiO3). 17 3 1
MAR 200 As aforenentioned, the drive I1C chip 16 is nounted on the surface
at the mddle length |ocation of the suspension 10. This [|ocation of the
|C chip 16 is determned so as to inprove the cooling effect and the

el ectromagnetic characteri stics of the IC chip and to execute easy

nmounting of the LC chib. odi nent med by a bear
chip and rmun[hesd o‘ﬁL Thd "'mn tgf’ %%9;81&18{}}%’{? “'8%1??30?’?% pa An
underfill |s f||| |n #) c-{tgnfpceg%vvegnthe bottomsurface of the IC
chip 16 W§aghat t g Senepsiahlfve ThESit radi ati on
characteristics, to I nprove mechani cal strength of this area, and to cover
a part ofcERon ef dke r@ﬁ?m@ﬂé & defepringd 5o AR AWAAVei'de circuit 16a for
anplifying read and wite signals fromand to the thin-filmmagnetic head
el enent cpRingeffratt authithy elertr@ngeetichhypcirmdgtitthgl atheok€rol signal for
the main actuator (VCM precise control signals for precise positioning of
t he act whiipranfi]to dxpenid agsypowmtisgvef $hen4l shigf. tTe A€grdpi 16 Head el enent
12a provided fromthe circuit 16a, and booster circuits 16¢c and 16d for
boost i nghii$ eempodizient jzofotmaghby@ dbeart cbiip singreduntedont &l ci rcuit 16b

comnected to the IC chip connection pads.

An underfill is filled in a clearance between the bottom
surface of the IC chip 16 and the thin-film pattern surface so as to
improve heat radiation characteristics, to improve mechanical
strength of this area, and to cover a part of the IC chip 16.

As shown in Fig. 4, in the IC chip 16, a head amplifier
circuit léa for amplifying read and write signals from and to the
thin-film magnetic head element 12a, a positioning control circuit
16b for producing a control signal for the main actuator (VCM) and
precise control signals for precise positioning of the actuator 11
depending upon servo signals of the magnetic head element 12a
provided from the circuit 1l6a, and booster circuits 16c and 164 for
boosting the precise positioning control signal from the circuit 16b
to generate drive signals applied to the actuator 11 are formed.

The head amplifier circuit 16a is a general head amplifier
for amplifying an analog signal.

The positioning control circuit 16b generates, depending upon
the servo signals provided from the magnetic head element 12a, the

control signal applied to the main actuator (VCM) and the precise
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to generate drive signals applied to the actuator 11 are formed. The head
“anplifier circuit 16a is a general head anplifier for anplifying ah MiRaldl}
signal. The positioning control circuit 16b generates, dependi ng upon the
servo signals provided fromthe nmagnetic head el enent 1 control signal
applied to the main actuator (VCM and the precise 18 3 MAR 2004
positioning control signals used for precise positioning of the actuator
11. The servo signals are generated at the magnetic head elenent 12a by
readi ng oQut, (SN0 |nfor Q0 arily recorded. on_t e magnetic di sk.
The ci r cRTTE %}Hflﬁgwm g b, °F|%‘FF¥ DERtoning PEGHe 16b i's 1 m The
boost er C|rcg|t and 16d boost the eci se . positioning. control signals
of 3-5 \A 3‘ | THg8 Sk S 61£ﬁd 35 8pey Fpgoef4C heddi red for
driving the pi ezoel ectric rraterlal type actuator 11. The voltage of the
preci se PEEERT ddprdy EeFiing outs SghE lVo%’WEE"BPBGW%YiW@@gause t he
source voltage supplied the IC chip 16 is about 3-5 V. Such booster circuit
const i t IAMedheyagneldesdisin t B gireudguratdgumtioy of Bevpositldamdng consi sti ng
of a MOSFET and a switching regulator controller for driving the power
MOSFET. dontrdie clineuwidr 1gnde, krmwour rent swit ching regul ator controller
LTC1624 of Linear Technology Co., Ltd. or its equivalent circuit may
control |l er forThexiamsiter ciedufter 16dandviiGichoosdy tley pradise

positioning cohtrol signals of 3-5 V or less to voltage signals of
about 15 V that is required for driving the piezoelectric material
type actuator 11. The voltage of the precise positioning control
signal will be 3-5 V at maximum because the source voltage supplied
to the IC chip 16 is about 3-5 V. Such booster circuit can be
constituted by a boost switching regulator or by a boost converter
consisting of a power MOSFET and a switching regulator controller
for driving the power MOSFET. In the latter case, a current mode
switching regulator controller LTC1624 of Linear Technology Co., Ltd.
or its eguivalent circuit may be used for the switching regulator
controller for example.

In this embodiment, theée head amplifier circuit l6a, the
positioning control circuit 16b, and the booster circuits l6c and
l6d are integrated in the single IC chip 16.

As aforementioned in detail, according to this embodiment,
since both the IC chip 16 and the actuator 11 are mounted on the
suspension 10, it is possible to increase the bit density and the
track density together and therefore requirement for further

increased data storage densities in HDDs can be sufficiently
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this enbodi nent, these head anplifier circuit 1 sitioning control 3::i1r MRt 20
' 16b, and the booster circuits 16¢c and 16d are integrated in the single I'C
chip 16. As aforenentioned in detail, according to this enbodi nent, since
both the IC chip 16 and the actuator 11 are nounted on the suspension 10,
It is possible to increase the bit density and the track density together
and therefore requirenent for further increased data storage densities in
HDDs sufficiently 19 1 MAR 2 satisfied. Al so, since the positioning control

circuit geperatjing drive signals of th ;ajgtgt r IS integrated
in the I%?qgg%%;odl rount e o%het ﬁ%glstgg%énﬁsfq%% g a%aﬁge‘]'florof trace
conductors forned.on the sysp lon 10 nojses nerated, reduced. the trace
conduct oﬁ’eé{ermhdﬁvﬁ SW@? S%nih%@f%%mffhﬁdfmﬂqﬁegr@ i tg‘f’ ¥he magnetic
head el ement, can be reduced occurr d heat generation due to current fl

trace cdABclGMOURiEd AR thesPRPENsIPnCAQy fhe uher gfotrace eundestamse boost er
circuits 16¢c_and 16d are also integrated in the I C chip 16 nounted on the
suspensiiamed on; Hie §EFRRnsien dfaran ket Fedncednpdneg.i Delspshgelieratsd age for the
actuator 11 will pass through only the second conductor nenber 18b provided
be the f@owhile teacengondustons.uwhish will advensehy) affect the

read/write signal of the magnetic head element, can be reduced from
occurring, and heat generation due to current flowing through the
trace conductors on the suspension can be alsc reduced.

Furthermore, since the booster circuits 16c and 164 are also
integrated in the IC chip 16 mounted on the suspension 10, the drive
signals with a comparatively high voltage for the actuator 11 will
pass through only the second conductor member 18b provided between
the IC chip 16 and the actuator 11 resulting a wiring design on the
suspension becanes easy. In addition, since it is no necessary to
generate such comparatively high voltage signals at the HDD, a
circuit design of the HDD becomes easy and further its specification
becamnes simple.

Fig. 5 schematically illustrates an attachment structure of a
precise positioning actuator and a magnetic head slider with a
flesaare and a circuit structure in an IC chip of a HSA as another
embodiment according to the present invention.

Configurations, operations and advantages of this embodiment
are the same as those of the embodiment of Fig. 1 except for the
configuration in the IC chip 56. Thus, the same camponents as the

embodiment of Fig. 1 use the same reference numerals and their
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suspensi on becones g design on the In addition, since it is no negegsppR B
generate such conparatively high voltage signals at the HDD, a circuit
design of the HDD beconmes ea becones sinple. further its specification
Fig. 5 schematically illustrates an attachnent structure of a precise
positioning actuator and a nmagnetic head slider wwth a flexure and a
circuit structure in an IC chip of a HSA as anot her enbodi nent accordi ng
to the present invention. Configurations, operations and advantages of this
enbodi nent_.ar etJI_ he sane hose of the enbodiment of Fig. configuration in
the | C cHR}BRHPRAE, B onents as the embodi ment of Fig. 1 use the
sanme reference_nuperals and their 20_1 MAR 201 expl anations are omtted.
the 1C chip 565 ShAELdRHS-i i dP B LGi ®iB62P f BrheadpRMNHEAY read and wite
signals fromand to the thin--filmmagnetic head el enent 12a, a
posi t i onFHYUEb MtAcfor: ArRYityimE Fead Ang radie | signals §xer gndstyAle for the main
actuator (VCM precise control signals for precise positioning of the
act uat or thEn-fHepwaghatic Jisefd slement d2gnal posiftiphingragrarilcchsadt el enent 12a
provided the circuit 56a, booster circuits 56¢c and 56d for boosting the
preci se Psifor gaodgcingra cohtmilgaignallrfon the main awittatgh (VAM) and
precise control signals for precise positioning of the actuator 11
depending upon servo signals of the magnetic head element 12a
provided from the circuit 56a, booster circuits 56c and 56d for
boosting the precise positioning control signal fram the circuit 56b
to generate drive signals applied to the actuator 11, an impact
sensor 56e for detecting a shock applied thereto, and a control
circuit 56f for stopping supply of the drive signals to the actuator
11 when the impact sensor 56e detects shock are formed.
The head anplifier circuit 56a is a general head amplifier
for amplifying an analog signal.
The positioning control circuit 56b generates, depending upon
the servo signals which are obtained the magnetic head element 12a
by reading out servo information preliminarily recorded on the
magnetic disk, the control signal applied to the main actuator (VCM)
and the precise positioning control signals used for precise
positioning of the actuator 11. The circuit configuration of the
positioning control circuit 56b is known.
The booster circitits 56¢ and 564 beoost the precise
positioning control signals of 3-5 V or less to voltage signals of

about 15 V that is required for driving the piezoelectric material
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to generate drive signals applied to the actuator 11, an inpact éeAsMARS%é
for detecting a shock applied thereto, and a control circuit 56f for

st oppi ng supply of the drive signals to the actuator 11 when the inpact
sensor 56e detects shock are forned. The head anplifier circuit 56a is a
general head amplifier for amplifying signal. The positioning control
circuit 56b generates, dependi ng upon the servo signals which are obtained
t he magnetic head el enent 12a by di ng out servo information prelimnarily

recorde t| c g *h Ly actuator
(VCNIangq&%égpreC|se?pos |on|n%§§gnﬁﬁ%p st gna §S%§% gapreglse

posi tioni f a 11 The circu t conflgur lon _of -t

posi ti orfi HQ@EJE)&H#E‘F@ $J SB%%&E? EPF PPEL %’gc and 56d
boost the reC|s 0 |t|on|ng contro nals of 3-5 V or less to voltage
si gnal s % %gguﬁgmfg %Jtsnﬁ?oqts 3r2dui r %90 thgarblbgzoel ectric
material 21 3 1 MAR 20( actuator 11. The voltage of the precise positioning
cont rol EPFHACLRR MY BPoPSE SFLAEhiRgeredrdabFuPE LY 8 PARFE SUPBFFE®Y to the IC

chip 56 is about 3-5 V. Such booster circuit constructed by a boost
swi t chi Kgnsisfingtefr ageovsy MOSEEE sndcd rive L ehingnEeReLAkRy @Pn‘@r&é»é%r MOSFET and

a switching for driving the power
for driving the power MOSFET. In the latter case, a current mode

switching regulator contreller LTC1624 of Linear Technology Co., Ltd.
or its equivalent circuit may be used for the switching regulator
controller for example.

The impact sensor S5é6e is. a shock sensor or an acceleration
sensor. As for an example of the former, there is a shock sensor
for HDD BA451ASH of TDK Corporation. As for an example of the later,
there is an acceleration sensor ADXL.202 of Analog Devices Inc. or an
acceleration sensor MAS1301T of Mitsubishi Electric Corporation.

The control circuit 56f is a switch circuit and may be
constructed by a switch element that intercepts control signals to
the booster circuit 56¢c and 564 when g shock detected signal is
applied from the impact sensor 56e. In modification, this control
circuit 56f may be inserted at the cutput side of the pesitioning
control circuit 56e, or formed inside of the positioning control
circuit 56e.

In this embodiment, these head amplifier circuit 56a, the
positioning control circuit 56b, the booster circuits 56c and 564,
the impact sensor 56e and the control circuit 56f are integrated in

the single IC chip 56.
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tor controller the latter case, a current swi tching regul ator contrdl MAR 20l
'LTC1624 of Linear Technology Co., Ltd. or its equivalent circuit nmay be
used for the switching regulator controller for exanple. The inpact sensor
56e is a shock sensor or an acceleration sensor. As for an exanple of the
former is a shock sensor for HDD B451ASH of TDK Corporation. As for an
exanple of the lat is an acceleration sensor ADXL202 of Anal og Devi ces
Inc. or an accel eration sensor MAS1301T of M tsubishi Electric Corporation.

The control ciycuit 56f |s swi.tch circui and may be_ constructed by a
switch el ement®% ﬁﬁ?@ﬁ?&%@ﬁ@ G6Ht ol 2o te tecuit 56c and
56d when a shock detected S|gnal applied fromthe inpact sensor 56e. In
nodi f i catings, beth Ehe dht Fyip S¢ianduthe setuatay IHearsdemted g thRe out put si de

of the positionin control circuit 56e, or forned inside of the

posi ti oﬁqﬁ’e@éﬁf@rg‘% dtruppssidde o ingmease nfhedbie densitiesnd fbad anplifier
circuit 56a, positioning control circuit 56b, the booster circuits 56¢ and
56d, t hetriapadensitndogeBer and thémefopa tnegiirementuifor SBirther i ntegrated the

single 1C chip 56. 22 3 1 MAR 201 aforenentioned in detail, according to
Si nce badinerédmed dateh sporageadshsti hbesadh HDDO rcambie tedfi £ i ehhby

satisfied. Also, since the positioming control circuit 56b for

generating drive signals of the actuator 11 is integrated in the IC

chip 56 mounted cn the suspension 10, the number of trace conductors

formed on the suspension 10 can be reduced. Thus, noises generated

from the trace conductors, which will adversely affect the

read/write signal of the magnetic head element, can be reduced from

occurring, and heat generation due to current flowing thmuéh the

trace conductors on the suspension can be also reduced.

Furthermore, since the booster circuits 56c and 564 are also
integrated in the IC chip 56 mounted on the suspension 10, the drive
signals with a comparatively high voltage for the actuator 11 will
pass through only the second conductor member 18b provided between
the IC chip 56 and the actuator 11 resulting a wiring design on the
suspension becomes easy. In addition, since it is no necessary to
generate such comparatively high voltage signals at the HDD, a
circuit design of the HDD becomes easy and further its specification
becomes simple.

Also, according to this embodiment, since the impact sensor
56e is formed in the IC chip 56 mounted on the suspension 10, a

shock applied to the actuator 11 mounted on the same suspension 10
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suspension 10, it is possible to increase the bit density and the track
density together and therefore requirenent for furth increased JatjaMaR o (mGE
densities in HDDs can be sufficiently satisfied. Al so, since the
positioning control circuit 56b for generating drive signals of the
actuator 11 is integrated in the 1C chip 56 nounted on the suspension 10,

t he nunber of trace conductors fornmed on the suspension 10 Thus, noises

gener at ed the trace conductors, which wll adversely affect the d/wite
signal of t n t| d.el _be reduced o rr| and eat generation
due to dﬁ?& é'?ﬁggﬁ d; PR ég%%ﬁ%ﬂ’ %h *PrhdSsuspensi on can

be al so redu FurthernDre since the booster circuits 56c and 56d are al so
i nt egr atSAURTPE he 938 BRiSOBRCHBY HHeICHHTPh ST REF SB #8UNGhe dri ve

signals with a conparatively high voltage for the actuator 11 will pass
t hr ough Bergfaree Busderl boerlweeindfertiepolun zpEinn aedhBetsidaiorthe 1 C chip

56 and the actuator 11 resulting a wiring design on the pension becones
addi ti orby thensbotk dag b effeddyaly prevapsad eyed HWuehpissapackrivel y hi gh
voltage signals at the HDD, a circuit design of the HDD becones easy and
furt her materigetyne eatuadnr Ieoeabs sinple. Al so, according to this
enbodi nent, since the inpact sensor 56e is forned in the IC drip 56
nount ed on t h®asysyienty difiidrend entbbdithendppdfi ¢be tprebdret dovemttion 11 nount ed
on the same suspension 10 23 MAR 2004

may be constructed without departing from the spirit and scope of

the present invention. It should be understood that the present
invention is not limited to the specific embodiments described in

the specification, except as defined in the appended claims.
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be directly detected and application of the voltage to the actuatbr] MARcahj
be ‘st opped by the control circuit 56f on timng. Therefore, physical

br eakage and/ or depol ari zation of the actuator by the shock can be
effectively prevented even if a piezoelectric material type actuator is
Many wi dely different enbodi nents of the present invention may be
constructed w thout departing fromthe spirit and scope of the present
invention. It should be understood that the present invention is not
limted to the specific enbodi ments described the specification, except as
defi ned WipT fhe GHHERY % 41 ?Si AR 200 WHAT IS CLAIMED IS: 1. A head

suspensi on assenblg conpr|5|ng a magnetic head slider with at | east one
t hi n-fi 4 magnediedd Hageens SETRFAEHRIf i xed to said nagnetic head
slider for perform ng precise p05|t|on|ng of said at |east one thin-film
magneti ¢ head @agesitic haad slidergvithvahdeast iopet thdnrELim magnetdai d thin-film
magneti c head el enent and a second circuit for driving said actuator; a
suspensileadf gtemenpporti ng said actuator and said I C chip. 2. The head
suspensi on assenbly as clained in claim1l, wherein said first circuit
i ncl udes an aml attwtorificed ttof saidanpdnetjcrigad sHddrstoynpérfonningai d at
| east one thin-filmmagnetic head el and an anplifier circuit for
anpl i f yiprecisevbobEtiohdiflort €aigaat! lakst loaasthiarei imhinfgrietio hsagnet i ¢ head
el ement. 3. The head suspension assenbly as clainmed in claim1l, wherein

element:

an IC chip having a first circuit for said thin-film magnetic
head element and a second circuit for driving said actuator; and

a suspension for supporting said actuator and said IC chip.

2. The head suspension assembly as claimed in claim 1, wherein
said first circuit includes an amplifier circuit for amplifying a
read signal from said at least one thin-film magnetic head element,
and an amplifier circuit for amplifying a write signal to said at

least one thin-film magnetic head element.

3. The head suspension assembly as claimed in claim 1, wherein
said second circuit includes a first control circuit for producing a
positioning signal depending upon the read signal from said at least
one thin-film magnetic head element, and a booster circuit for
boosting said produced positioning signal to produce a drive signal

used for driving said actuator.

4. The head suspension assembly as claimed in claim 3, wherein
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said second circuit includes a first control circuit for producing a X
posi tioni ng signal depending upon the read signal fromsaid at |3 dnMAR 200%
thin-filmnmagnetic head el enment, and a booster circuit for boosting said
produced positioning signal to produce a drive signal ed for driving said
actuator. The head suspension assenbly as clainmed in claim3, wherein 25 3
1 MAR 2004 said read signal fromsaid at | east one thin-filmmagnetic head
el enent is a servo signal generated at said at |east one thin-film

magnet i c_head enmen readjn ut.servo information.prelimnarily
recor deasad‘ﬁ1 Eeaﬁaaaﬁ CP%?'%E".LI ?gﬁegsﬁe%ﬂ? ﬁgﬁ%?ng'ﬁg%%ggn% as claimed in
claim3, wherein said G chjp includes a third circuit for otecting said
act uat ore1eMPRmISHhY Fer¥p SGReTlEr St gapb e TASE i Ginf shock
applied thereto 6. The head suspension assenbly as clainmed in claimb5,
whr el n TASREHLG HEAY SRR BY RSP Sk FoF Hp AGFORBY Aeh EBRLIRELIRY | or
detecting shock applied thereto, and a second control circuit for stopping
suppl y dfecerdeddpnvie meppgtdesdisk-sai d actuator when the inpact detection
circuit detects the shock. 7. The head suspension assenbly as clained in
claim1l1, wherein said actuator and said IC chip are | ocated on one surface
of said suspension. The head suspension assenbly as clainmed in claim?7,
wherei n sai d dhe lsaad suspepbidohessarbpersi ohainedairc eldc 8d wheraimagnet i ¢ di sk
surface in operation.

said IC chip includes a third circuit for protecting said actuator

from physical breakage and/or depolarization due to a shock applied

thereto.

6. The head suspension assembly as claimed in claim 5, wherein
said third circuit includes an impact detection circuit for
detecting shock applied thereto, and a second control circuit for
stopping supply of the drive signals to said actuator when the

impact detection circuit detects the shock.

7. The head suspension assembly as claimed in claim 1, wherein

said actuator and said IC chip are located on one surface of said

suspension.

8. The head suspension assambly as claimed in claim 7, wherein
said one surface of the suspension is a surface faced to a magnetic

disk surface in operation.

9. The head suspension assenbly as claimed in claim 1, wherein
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The head suspension assenbly as clainmed in claim1, wherein MAR 2Q0 S%M? 200
head suspensi on assenbly further conprises a first conductor ne el h
one end electrically connected to said at | east one thin-filmmagnetic
head el ement and the other end electrically connected to said IC chip, a
second conductor nenber with one end electrically connected to said
actuator and the other electrically connected to said IC chip, and a
conductor nenber th one end electrically connected to said IC chip and the
ot her end .electrically.connected to.connecti.on pads to be. connected to an
oxt of nal Ay B SO SRR b SR RSB et CPARKERE ol ai m o,
wherein said qgne end of said first conductor nmenber is directly connected
to als JPEBeF gtk Meqehd GAectHARLYY PRIRREFR HPcSHERE dEgRb ™ by 11. The head
suspension assenbly as clained in claim9, wherein_said one end of said
first cdhdoctdm magaeEic ingad sHrBRlle @t dhet @herneid elRctFacalldt | east one
thin-fil mmagnetic head el enment stitch bonding. 12. The head suspension
assenbl yconnectedi edraid 1§ ahin.0a sdeeneéiqenductiog meambst wighcenedendd third
conductor nenbers are forned by flexible print circuits with trace

conduct eflettricatly anumeathd dtdgaid asthatoromd dye cgher ABETRACT OF THE

Dl SCLOSURE HEAD SUSPENSI ON ASSEMBLY W TH PRECI SE POSI TI ONI NG ACTUATOR A
HSA i ncleldetsrizgabhg wetne-th@aid shidlac ohiph aid hedsiird araductor member

with one end electrically connected to said IC chip and the other
end electrically comnected to comnection pads to be connected to an

external circuit.

10. The head suspension assembly as claimed in claim 9, wherein
said one end of said first conductor member is directly connected to
teminals of sald at least one thin-film magnetic head element by

ball bonding.

11. The head suspension assembly as claimed in claim 9, wherein
sald one end of said first conductor member is connected to
termminals of said at least cne thin-film magnetic head element by

stitch bonding.

12. The head suspension assembly as claimed in claim 9, wherein
said first, second and third conductor members are formed by
flexible print circuits with trace conductor layers sandwiched by

insulation layers.
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fil mmagnetic head el enent, an actuator fixed to the magnetic hea? Fqﬁg@gg@
for perform ng precise positioning of the at |east one filmmagnetic hea

elenent, an IC chip having a first circuit for the thin-filmmgnetic head
el ement and a second circuit for driving the actuator, and a suspension for

supporting the actuator and the |C chip. (Fig. 4)

ABSTRACT OF THE DISCLOSURE

HEAD SUSPENSION ASSEMBLY WITH PRECISE POSITIONING
ACTUATOR

A HSA includes a magnetic head slider with at least one thin-
film magnetic head element, an actuator fixéd to the magnetic head
slider for performing precise positicning of the at least one thin-
film magnetic head element, an IC chip having a first circuit for
the thin-film magnetic head element and a second circuit for driving
the actuator, and a suspension for supporting the actuator and the
IC chip.

(Fig. 4)
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